


1. Report No. 
NASA TM X-2034 

2. Government Accession No. 3. Recipient's Catalog No. 

9. Performing Organization Name and Address 

Lewis Research Center 
National Aeronautics and Space Administration 
Cleveland, Ohio 44135 

2. Sponsoring Agency Name ond Address 

National Aeronautics and Space Administration 
Washington, D. C. 20546 

4. T i t l e  and Subtitle PERFORMANCE OF AN AUXILIARY 
INLET EJECTOR NOZZLE WITH F E E D  INLET DOORS 
AND TRIPLE-HINGE TRAILING-EDGE FLAP 

10. Work Unit  No. 

5. Report Date 
. lg7' 

6. Performing Organizotion Code 

13. Type of Report and Period Covered 

7. Author(s) 

Albert L. Johns and Fred W. Steffen 

I Technical Memorandum 

8. Performing Organization Report No. 
R- 5497 

114. Sponsoring Agency Code 

19. Security Classif. (of this report) 

5. Supplementary Notes 

20. Security Classif. (of this page) 21. No. of Pages 22. Price* 

16. Abstract 

An auxiliary inlet ejector nozzle appropriate for a supersonic-cruise aircraft was 
evaluated over a range of free-stream Mach numbers from 0 to  1.20. Two primary 
throat areas were used: one to simulate nonreheat operation, and the other for reheat 
operation. The shroud was fixed in a closed position for subsonic operation. The pro- 
jected boattail a r e a  was 47 percent of the simulated nacelle area. Variation in auxiliary 
inlets included door type (single and double hinge) and values of ter t iary flow area (con- 
trolled with fixed-position doors) from 0 to 71. 5 percent of the shroud exit area. During 
subsonic cruise  and dry acceleration, the maximum nozzle efficiency was obtained with 
the double-hinge door configuration. At the reheat power settings, the maximum nozzle 
efficiency was obtained with the doors closed at Mach 0.60 and higher. 

17. Key Words ( S u g g e s t e d  by Aufhor(s)) 

Propulsion 
Nozzle 

18. Distribution Statement 

Unclassified - unlimited 

*For sale  by the Clearinghouse for Federal Scientific and Technical Information 
Springfield, Virginia 22151 





Page 
SUPJPNEARY 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 INTRODUCTION.. 

. . . . . . . . . . . . . . . . . . . . . . . . . . .  2 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  2 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  3 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  4 
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  5 

APPARATUS AND PROCEDURE 
Installation inWindTunne1 
ForceMeasurements 
Nozzle Configurations 
Nozzle Instrumentation 
Procedure.  

. . . . . . . . . . . . . . . . . . . . . . . . . . . . .  7 

. . . . . . . . . . . . . . . . . . . . . . . . . .  's 

RESULTS AND DISCUSSION 
Comparison of Optimum Nozzle Efficiencies of 
Single- and Double-Hinge Doors 

8 Single-Hinge Door Performance . . . . . . . . . . . . . . . . . . . . . . . . . .  
Double-Hinge Door Performance . . . . . . . . . . . . . . . . . . . . . . . . . .  11 
Model Boundary-Layer Characteristics . . . . . . . . . . . . . . . . . . . . . .  13 

SUMMARY OFRESULTS . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  14 

APPENDIXES 
A-SYMBOLS. .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  
B - STATIC-PRESSURE ENVIRONMENT ON 8.5-INCH (21.59-CM) 

16 

JET-EXIT MODEL IMMEDIATELY UPSTREAM OF 
NOZZLE-ADAPTER INTERFACE . . . . . . . . . . . . . . . . . . . . . . .  18 

C - NOZZLE PERFORMANCE CHARACTERISTICS. 
D - AUXILIARY INLET DOOR HINGE MQMENT ANALYSIS . . . . . . . . . . .  21 
E - ANALYSIS OF FLAP MOMENTS . . . . . . . . . . . . . . . . . . . . . . . .  

. . . . . . . . . . . . . . .  20 

23 

REFERENCES..  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  25 

iii 



PERFORMANCE OF AN AUX ARY INLET EJECTOR NOZZLE W 

NLET DOORS AND TRIPLE-HINGE TRAILING-EDGE FLAP 

by Albert Le Johns and Fred W. Steffen 

Lewis Research Center 

SUMMARY 

An auxiliary inlet ejector nozzle appropriate for a supersonic-cruise aircraft 
was tested in the Lewis Research Center's 8- by 6-Foot Supersonic Wind Tunnel 
to determine the preformance characteristics over a range of free-stream Mach numbers 
from 0 to 1.20. Room-temperature air was used as the primary and secondary fluid. 
Two different primary throat areas were used: one to simulate nonreheat operation, 
and the other for reheat operation. 

in a closed position for subsonic operation. The projected boattail area was 47 percent 
of the simulated nacelle area. Variation in auxiliary inlets included door type (single 
and double hinge) and values of tertiary flow area from 0 to 71.5 percent of the shroud 
exit area. 

The following results were obtained for a specified pressure ratio schedule that is 
typical for an afterburning turbojet engine with 4-percent corrected secondary weight 
flow. The optimum nozzle efficiency was produced by the 10'-20' double-hinge door 
configuration at subsonic-cruise and dry acceleration power settings. At Mach 0.90, 
nozzle efficiencies of 0.917 and 0.952 were obtained with the double-hinge door config- 
uration at subsonic cruise and dry acceleration, respectively. Compared to the double- 
hinge configuration at Mach 0.90, the optimum nozzle efficiencies obtained with the 
single-hinge doors were 1. 5 and 0.8 percent lower at subsonic cruise and dry accelera- 
tion, respectively. At takeoff with reheat, a peak nozzle efficiency of 0.992 was ob- 
tained with the 16' door configuration. Above Mach 0.60 with reheat the optimum nozzle 
efficiency was obtained with the doors closed. 

The secondary shroud represented a fully closed triple-hinge flap which was fixed 



A s  part of an comprehensive program in airbreathing propulsion, the Lewis 
Research Center is evaluating various exhaust nozzle designs which are appropriate for 
supersonic-cruise aircraft. eally, these nozzle would operate efficiently over a wide 
range of flight conditions and engine-power settings. Requirements such as these us- 
ually necessitate extensive variation in ejector nozzle geometry, including both the pri- 
mary nozzle and shroud exit areas.  The performance of a variable-flap ejector and a 
low-angle plug nozzle designed for a supersonic-cruise aircraft is reported in refer- 
ences 1 and 2. Another nozzle type of interest is the auxiliary inlet ejector (ref. 3). At 
low power settings, the auxiliary inlets open to admit tertiary air to  prevent overexpan- 
sion of the primary jet. Hence, there is a reduced requirement for exit-area variation 
and a corresponding reduction in boattail angle and projected area. 

This report documents the aerodynamic performance of an auxiliary inlet ejector 
with a triple-hinge trailing-edge flap fixed in a subsonic position. Some of the results 
will be compared with the installed performance of the same nozzle during flight tests 
using an F-106B aircraft (ref. 4). For these tests, nacelles that house an afterburning 
J85-GE-13 turbojet engine as a gas generator were installed under the delta wing of the 
F-106B with the nozzles extending downstream of the wing trailing edge. The primary 
nozzle used in this test  simulated the General Electric 585-63-13 afterburning turbojet 
engine used in the F-106B tests. 

The model had a diameter of 8.5 inches (21. 59 cm) and was tested in the Lewis 
Research Center's 8- by 6-Foot Supersonic Wind Tunnel at free-stream Mach numbers 
from 0 to 1.20 and over a range of nozzle pressure ratios from 1.9 to 9.0. Secondary 
weight flow was varied from 0 to 16 percent of the primary nozzle weight flow. The con- 
figurations were tested at power settings representing subsonic cruise, dry acceleration, 
and maximum reheat acceleration. Dry air at room temperature was used for both pri- 
mary and secondary weight flows. 

APPARATUS AND PRQCEDU 

nstallation in  Wind Tunnel 

A schematic view of the model support system in the 8- by 6-Foot Supersonic Wind 
Tunnel showing the internal geometry and thrust-measuring system is presented in fig- 
ure  1. Symbols are defined in appendix A. The grounded portion of the model was sup- 
ported from the tunnel ceiling by a vertical strut. The floating portion was attached to  
the primary and secondary air bottles which were cantilevered by flow tubes from ex- 
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ternal supply manifolds. The primary air bottle was supported by front and rear  bear- 
ings. The secondary air passed through an annulus around the primary nozzle. The 
axial force of the nozzle, which included secondary and tertiary flow effects, was trans- 
mitted to the load cell located in the nose of the model. Since the floating portion of the 
model included the afterbody and boattail, the measured force was that resulting from 
the interaction of the internal and external flows. The wind tunnel installation effects on 
an isolated 8.5-inch (21. 59-cm) afterbody mounted on this jet-exit model are described 
in reference 5. The stztic-pressure environment on the 8. 5-inch (21.59-cm) jet-exit 
model immediately upstream of the nozzle-adapter interface is presented in appendix B. 

Force Measurements 

The primary flow was calculated from a known flow coefficient cD8. The 
secondary-flow rate was measured by means of a standard ASME flowmetering orifice 
located in the external supply line. Thrust-minus-drag measurements were obtained 
from a load-cell readout of the axial forces acting on the floating portion of the model. 
Internal tare forces determined by internal areas, and measured tare pressures located 
as shown in figure 1, were accounted for in the thrust calculation. 

A static calibration of the thrust-measuring system was obtained by applying known 
forces to the nozzle and measuring the output of the load cell. A water-cooled jacket 
surrounded the load cell and maintained a constant temperature of 90" F to  eliminate 
e r rors  in the calibration caused by variations in temperature from aerodynamic heating. 

station 122. 84 inches (312 cm, fig. 1). That force acting on the portion of the nozzle 
between model stations 93.65 inches (238 cm) and 122.84 inches (312 cm) was measured 
on the load cell; however, it is not considered to be part of the nozzle drag. Its magni- 
tude was estimated by using the semiempirical flat-plate mean skin friction coefficient 
given in figure 9 of reference 6 as a function of free-stream Mach number and Reynolds 
number. Previous measurements of the boundary-layer characteristics at the aft end 
of the jet-exit model in the 8- by 6-Foot Supersonic Wind Tunnel (ref. 7) indicated that 
the profile and thickness were essentially the same as that computed for a flat plate of 
equal length. The strut wake appeared to affect only a localized region near the top of 
the model and resulted in a slightly lower local free-stream velocity than measured on 
the side and bottom of the model. Therefore, the results of reference 6 were used 
without correction for three-dimensional flow effects or strut  interference effects. 

the measured mass-flow rate expanded from its measured total pressure (P7 and Ps, 
respectively) to po. Provision was made to set the ideal thrust of the secondary flow 

The only external friction drag charged to the nozzle is that downstream of model 

The ideal jet thrust for both the primary and secondary flow was calculated from 
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to zero if the total pressure was less than po. Review of the data showed that this situa- 
tion did occur. Hence, tailed data are used to designate such results. Nozzle efficiency 
is defined as the ratio of the measured thrust minus drag to the ideal thrust of the pri- 
mary and secondary: 

F - D  

1, P 1, s 

Nozzle efficiency = 
F. + F. 

In addition to the nozzle efficiency, the data are also presented (appendix C) in the form 
of nozzle gross-thrust coefficient (F - D)/F. 

1, P' 

N ozz I e Con fig u rat ion s 

T o  provide a comparison with the F-106B flight tests utilizing underwing nacelles 
housing a J85-GE-13 engine, a J85-GE-13 primary nozzle was simulated for this test. 
Two different primary throat areas were used (fig. 2). The small throat area simulated 
nonreheat operation (with a flow coefficient CD8 of 0.977), while the large throat area 
simulated reheat operation (with a flow coefficient CD8 of 0.985) .  The actuating mech- 
anism blockage was simulated by a ring containing 12 slots. Secondary air was diverted 
through these slots by means of a deflector to simulate primary flap cooling air. 

Figure 3 shows details of the triple-hinge trailing-edge flap and some pertinent 
parameters. The projected boattail area A is 47 percent of the simulated nacelle 
area Amax with a boattail angle of 15'. The flap length ratio L/d8 varied from 2. 16 
with the smallest throat area to 1 . 9 1  with the largest throat area. The fixed flap section 
used during this test represented a fully closed subsonic-cruise position. An analysis of 
the trailing-edge flap moments is given in appendix E .  

Details of the auxiliary inlets and pertinent parameters are shown in figure 4(a). 
Two types of auxiliary inlet were tested (single and double hinge) along with a closed 
auxiliary inlet configuration. The door hinge location is given in table I. In each open 
auxiliary inlet configuration, the 16 doors were simulated by a continuous ring with 16 
equally spaced ribs welded to the upstream side (fig. 4(b)). The closed-door configura- 
tion did not have ribs. The single-hinge configurations consisted of 20°, 16O, and 10' 
door positions, while the double-hinge auxiliary inlets were composed of 1Oo-2O0, 
8'- 16O, and 5'- 10' door configurations. 

P 
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position 

10'-20' 
8O-16' 
5'-10' 
20° 
16' ' 

loo 
C 10s eda 

Upstream door 

Length, Diameter, 

L6 1 d6 1 

in. cm in. cm 

2.396 6.085 8.26 20.98 
2.447 6.215 8.23 20.90 
2.553 6.485 8.13 20.64 
3.293 8.365 7.85 19.94 
3.293 8.365 7.85 19.94 
3.293 8.365 7.85 19.94 - - - - - - - - I - - - - - - - - - - 

Downstream door I 
Length, 

%inge location simulated each door position. 

Nozz le I n st r u men tat ion 

The auxiliary inlet instrumentation is shown in figure 4(b). An internal row of 
static-pressure orifices was located on door 1 at a meridian angle of 0' and externally 
on door 8 at a meridian angle of 167. 5'. The axial locations x of the door static- 
pressure orifices a r e  given in table II. The auxiliary inlet ejector instrumentation 
layout is shown in figure 5. The primary, secondary, and tertiary total pressures were 
obtained from total-pressure probes, as shown in figures 5(a) and (b). The radial and 
circumferential locations of the total-pressure probes are given in table III. A row of 
static-pressure orifices was located at a meridian angle of 90' along the flap internal 
surface and at 180' along the external boattail. The axial locations x of the static- 
pressure orifices are given in table IV. 

Primary total-pressure profiles of the flow approaching the primary nozzle are 
shown in figure 6. As expected, the profiles were relatively flat. The nozzle inlet total 
pressure P7 was obtained by integrating the pressure across an area-weighted rake 
located in the primary-flow passage (station 7). The flow is assumed to be circumfer- 
entially uniform. 

P rocedu re 

Nozzle performance was obtained over a range of free-stream Mach numbers and 
nozzle pressure ratios. For several of the figures, results a r e  presented with the 
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TABLE II. - DOOR STATIC-PRESSURE 

ORIFICE LOCATIONS 

Probe 

TABLE III. - TOTAL-PRESSURE 

Radial distance from secondary shroud 
internal surface, z '  

PROBE LOCATIONS 
Door 

position 
nternal; circumferential 

position, B = 0' 
:xternal; circumferentiz 
position, 8 = 167.5' (a) Open- and closed-door total-pressure 

rake (Open-door rake at model station 
133.86 in. (340 cm); 0 = 112. 5'; 

door 6. Closed-door rake at 
station 123.62 in. (314 cm); 

e = 135'; door 7.) 

- 
TaS 

- 
1 
2 
3 
4 
5 
6 

- 
1 
2 
3 
4 
5 
6 

- 
1 
2 
3 
4 
5 
6 

- 
1 
2 
3 
4 
5 
6 

- 
1 
2 
3 
4 
5 
6 

__. 

1 
2 
3 
4 
5 
6 

- 
1 
2 
3 
4 

__ 

~ 

Axial distance, x 4xial distance, x 
- 

in. 
- 

in. cm cm 

-6 .77  
-6 .04  
- 5 . 4 4  
-4 .70  
-3.87 
-3 .27  

- 
-6.81 
-6.12 
-5.46 
-4 .48  
- 3 . 6 4  
-3.26 

-17.20 
-15 .34  
-13 .81  
- 1 1 . 9 4  

-9 .83  
- 8 . 3 0  

-7 .19  
- 6 . 6 9  
-6.04 
-5 .35  
- 4 . 7 1  
- 4 . 1 0  
- 3 . 4 3  

-18.26 
-17.00 
-1 5.34 
-13.59 
-11.79 
-10 .42  

-8.72 

100-200 

8O-16' 

Probe Radial distance from secondary shroud 
external surface, z 

in. cm 

1 0.125 0.318 
2 .500 1.270 
3 1.000 2.540 
4 1.800 4. 572 
5 2.750 6.985 

-17.29  
- 1 5 . 5 4  
-13.86 
-11 .39  

- 9 . 2 5  
-8 .27  

-7.16 
-6.68 
-6 .02  
- 5 . 3 4  
- 4 . 6 8  
-3 .99  
- 3 . 3 8  

-18.18 
-16 .98  
-15 .30  
-13. 56 
-11 .90  
-10.14 

-8.  58 

- 6 . 6 0  
-6 .02  
-5 .41  
- 4 . 7 0  
- 4 . 0 0  
-3 .32  

- 1 6 . 7 5  
-15 .29  
-13 .73  
- 1 1 . 9 3  
-10.16 

-8.42 

-7.08 
-6 .68  
-6.00 
-5 .33  
-4.66 
-3 .99  
-3.32 

-17 .99  
-16.96 
- 1 5 . 2 5  
-13 .54  
-11 .83  
-10.14 

-8.42 

5O-10' 

2 00 

16' 

1 oo 

Closed 

cm 1 
-5 .97 
-5 .39  
-4 .65  
-4 .08  
-3.66 
-3.27 

- 
-6.00 
-5.44 
-4.79 
-4.15 
-3.68 
-3.25 

- 
-6.13 
-5.49 
-4.92 
-4.37 
-3 .81  
-3.25 

- 
-7.36 
-6. OS 
-5.19 
-3.11 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 
4 
5 
6 
7 

1 
2 
3 

- 

- 

- 

-6.30 
-5.75 
-5 .31  
-4.86 
-4.39 
-4.08 
-3.36 

___ 
-6.17 
-5.75 
-5.29 
-4.82 
-4.34 
-3.89 
-3.3c 

-16 .00  
-14 .60  
-13.49 
-12 .34  
-11 .14  
-10.37 

-8.53 

-15.17 
-13 .70  
-11.82 
-10 .35  

- 9 . 3 1  
- 8 . 3 0  

-15 .25  
-13 .81  
-12.17 
-10 .53  

- 9 . 3 4  
-8.26 

-15.57 
-13 .94  
-12. 5 1  
- 1 1 . 0 9  

-9.67 
-8.26 

-18 .70  
-15.47 
-13 .03  

- 7 . 9 0  

0.158 

1.270 
1.905 

-15.67 
-14.61 
- 1 3 . 4 4  
-12 .25  
-11.01 

-9.72 
-8 .38  

(c) Primary nozzle secondary 
total-pressure probes 

(r = 3.25 in. 
(8.263 cm)) 

Probe 

1 
2 
3 
4 

Circumferential posit ion, 
9 ,  

deg 
-7.54 
-5.76 
-5.27 
-4.7E 
-4.2E 
-3.7E 
-3.24 

-7.54 
-7.2: 
-3.52 

- 

-19.16 
-14.62 
-13.39 
-12 .14  
-10.87 

-9.56 
-8.22 

-19.15 
-18.51 

-8 .94  

0 

90 
180 
270 
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TABLE IV. - TRAILING FLAP STATIC- 

PRESSURE ORIFICE LOCATIONS 

rap Axial distance, x 'ap 

cm 

-5.96 
-4.60 
-2.91 
-1.006 
.625 
3.56 
7.36 
11.70 
15.50 

Axial distance, x 

1 
2 
3 
4 
5 
6 
7 
E 
9 

in. 

-2.348 
-1.811 
-1.146 
-. 396 
.246 
1.402 
2.898 
4.606 
6.102 

cm 

-3.48 
4.89 
6.76 
7.98 
8.98, 
10.03 
11.08 
12.16 
13.29 
14.45 
15.66 
16.91 

1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 

assumption of a nozzle pressure ratio schedule appropriate for a turbojet engine cycle 
(fig. 7). The nozzle pressure ratio was varied by changing the nozzle inlet total pres- 
sure, The maximum pressure ratio at each Mach number was restricted because of 
the limitations of the primary air supply. Secondary weight flow was varied from 
0 to 16 percent of the primary flow. Nozzle performance characteristics at pertinent 
test conditions a r e  presented in appendix C. However, the following results and dis- 
cussion pertain to the assumed pressure ratio schedule with a nominal 4-percent cor- 
rected secondary weight flow. 

RESULTS AND DISCUSS 

in. 

-1.37 
1.925 
2.661 
3.142 
3.535 
3.949 
4.362 
4.787 
5.232 
5.689 
6.165 
6.658 

Comparison of Optimum Nozzle Efficiencies of Single- a m  Double-Hinge Doors 

A comparison of the optimum nozzle efficiencies of the single- and double-hinge door 
configurations is shown in figure 8 at the subsonic-cruise and dry-acceleration simu- 
lated power settings. The 4-percent corrected secondary weight flow chosen for the 
subsonic-cruise, dry-, and reheat-acceleration power settings was considered to be 
typical of the values which might be used for supersonic-cruise vehicles. Data are not 
presented in figure 8 above takeoff for the reheat power setting because the closed-door 
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configuration produced the optimum nozzle efficiency. Optimum nozzle efficiency was 
obtained with double-hinge door configurations at subsonic-cruise and dry-acceleration 
power settings. For example at Mach 0.90 (subsonic cruise), the optimum nozzle ef- 
ficiencies are 0.902 and 0.917 for the single- and double-hinge doors, respectively. 
At the higher nozzle pressure ratios at Mach 0.90 (dry acceleration), optimum nozzle 
efficiencies of 0.944 and 0.952 were obtained with the single- and double-hinge doors, 
respectively. With a reheat takeoff, the optimum nozzle efficiencies were 0.992 and 
0.983 for the single- and double-hinge doors, respectively. 

Sing le-H inge Door Performance 

The performance and secondary total-pressure recovery requirements of the 
single-hinge doors are shown in figure 9 as a comparison between the estimated floating 
position performance and the best measured performance. The data points representing 
the estimated floating performance a r e  obtained from crossplots. The method used to 
obtain the estimated floating door position is given in appendix D. The term "best 
measured nozzle efficiency" is used to indicate the highest nozzle efficiency obtained 
from the door configurations which were tested at each Mach number. However, un- 
tested door positions may have provided higher nozzle efficiencies. The best measured 
nozzle efficiency was 1/2 to 1 percent higher than the estimated floating efficiency at 
the subsonic-cruise power setting (fig. 9(a)). At Mach 0.90, nozzle efficiencies of 
0.902 and 0.897 were obtained for the best measured and the estimated floating door 
positions, respectively. The estimated floating door position (angle) was always less 
than that required for peak efficiency. In either case, the secondary total pressure was 
low enough that it could be obtained from a free-stream source. At dry-acceleration 
power setting (fig. 9(b)), the best measured nozzle efficiencies and the associated door 
positions were both higher than the corresponding floating values. It can also be seen 
that, in both cases, the required secondary total-pressure recovery was  increased sig- 
nificantly by opening the doors from the estimated floating position. This increased 
secondary pressure is probably indicative of an increased pressure level in the primary 
base region, which in turn is responsible for the increased performance. A curve of 
free-stream static-pressure ratio is presented in figure 9(b) for comparison. It is in- 
teresting to note that secondary total pressures considerably above po can be obtained 
by forcing the doors to  remain open. These higher pressures are also probably re-  
sponsible for forcing the floating doors to partly close. At the dry-acceleration power 
setting (fig. 9(b)), the best measured nozzle efficiency and the door position where it 
was obtained were both higher than those obtained at the estimate floating position. At 
takeoff, nozzle efficiency of 0.995 was obtained for the optimum performance. At 
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Mach 0.90, 0.943 was the best measured nozzle efficiency and 0.928 the estimated float- 
ing nozzle efficiency. At takeoff, the 4-percent corrected secondary weight flow could 
not be obtained from the free stream. With reheat (fig. 9(c)), the estimated floating and 
optimum nozzle efficiencies were obtained with the inlet doors closed at Mach numbers 
other than takeoff. At takeoff, a best measured nozzle efficiency of 0.992 was obtained 
with the 16' door configuration. The fully open door configuration (20') was not tested 
with the reheat primary nozzle. However, 4-percent corrected secondary weight flow 
cannot be obtained from the free stream at several of the Mach numbers. This problem 
may not be encountered, however, if a variable shroud is used instead of the fixed- 
position shroud. 

The effect of single-hinge door angle on the ratio of boattail drag to ideal gross 
thrust is presented in figure 10 for the three power settings. The boattail drag was 
normally reduced as the door opening was increased. For subsonic cruise, the drop in 
nozzle efficiency between Mach 0.85 and 1.00 seen in figure 9(a) appears to be primarily 
due to the increased boattail drag shown in figure lO(a). A similar effect is seen for dry 
acceleration. The boattail drag is less important during dry or  reheat acceleration 
when the primary nozzle ideal thrust is large. 

subsonic speeds. It is assumed that the flow around and through the model is symmetri- 
cal; hence, there was  one inlet door instrumented externally at 167. 5' and one door in- 
ternally at 0'. The shroud was instrumented internally at 90' and externally at 180'. 
These component forces a r e  shown in figure 11 at subsonic cruise for various inlet door 
angles. The secondary momentum shown in figure 11 was computed with the assumption 
that the static pressure is constant in the region of the internal surfaces of the doors 
and the primary nozzle flap surface. The largest component force at the 10' door angle 
(door position for peak efficiency) was the boattail drag, which was about 4 percent of 
the ideal primary and secondary thrusts. Inlet doors and the forward shroud surface 
also provided significant drag components. 

At the subsonic-cruise and dry-acceleration power settings (figs. 12(a) and (b)), the 
10' door position generally provided the optimum nozzle efficiency. The results in 
figure 12 (c) indicate that with reheat acceleration, the closed-door configuration pro- 
duced the best measured nozzle efficiency at Mach numbers from 0.60 to 1.20 where 
the nozzle is fully expanded or  underexpanded. The 16' inlet doors, maximum open 
doors tested with reheat, provided peak performance at takeoff for this configuration. 

width is shown in figure 13 for the three power settings. A simple pin connection was 
assumed in calculating the moments on the single-hinge doors. Door equilibrium is de- 
fined in appendix D. During subsonic cruise (fig. 13(a)), the doors would be in equilib- 

Pressure forces were computed on the inlet doors and on the secondary shroud at 

The effect of single-hinge door angle on the nozzle efficiency is shown in figure 12. 

The effect of single-hinge door position on door moment coefficient per inch of 
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rium at about 8'. At the dry-acceleration power setting (fig, 13@)), the door equilib- 
rium position is about 7.5' for Mach 0.60 and 0.70, and the doors would close between 
Mach 0.85 and 0.90. At the reheat power setting (fig. 13(c)), the inlet door would be 
open at takeoff and closed at Mach numbers from 0.60 to 1.20. 

profiles at subsonic cruise and dry acceleration. The peak velocity occurred near the 
shroud surface opposite the inlet door. The peak velocities were generally between 
70 and 80 percent of the free-stream velocity at the subsonic-cruise power setting 
(fig. 14(a)). The flow separated from the door at Mach 1,OO with the 16' and 20' door 
configurations. Separated flow was also indicated at Mach 0.70 with the 20' doors by 
the probe nearest the door. At the higher nozzle pressure ratio required for dry ac- 
celeration (fig. 14(b)), the peak inlet velocities were reduced to between 60 and 70 per- 
cent of the free-stream velocity. The inlet flow generally peaked with the 20' door 
angle. Separated flow occurred at the dry-acceleration power setting with the 16' doors 
at most Mach numbers from 0.85 to 1.00. At these conditions, the floating doors 
would be nearly or fully closed. 

The effect of single-hinge door angle on the trailing-edge flap moment coefficient 
per inch of width is presented in figure 15 for the three power settings. Figure 15(a) 
shows that at subsonic cruise the trailing-edge flaps would be off the inner stop with the 
optimum door position (10') up to  Mach 0.95. However, the trailing-edge flaps would 
be on the inner stop over the dry-acceleration range and at maximum reheat up to 
Mach 0.90 (figs. 15(b) and (c)). It should be noted that when the trailing-edge flaps are 
off the inner stop at subsonic cruise, a loss in nozzle efficiency is likely to occur. The 
analysis of the flap moment calculation is shown in appendix E. 

Internal and external static-pressure distributions on the inlet doors and secondary 
shroud are shown in figure 16 at Mach 0.90 for subsonic cruise and dry acceleration, 
and at Mach 0 and 0. 95 for reheat acceleration. At subsonic cruise (fig. 16(a)), the 
nozzle is overexpanded internally with the doors closed. The overexpansion was 
generally eliminated when the tertiary inlets were opened. At the higher pressure ratio 
for dry acceleration (fig. 16(b)), opening the doors increased the internal nozzle pres- 
sures  upstream of the shroud throat to values 20 to 25 percent larger than free-stream 
static. This is indicative of the significant diffusion of the incoming tertiary flow as it 
enters the nozzle. Optimum performance at this flight condition was obtained with a 
10' door angle, but the doors would tend to float to the closed position with a reduction in 
performance. For a reheat takeoff (fig. 16(c)), opening the inlet doors caused a slight 
increase in internal pressures and an increase in nozzle efficiency. The doors should 
be fully open at this flight condition for best efficiency. However, for a reheat ac- 
celeration at Mach 0.95 (fig. 16(d)), opening the inlet doors caused a reduction in the 

Figure 14 shows the effect of single-hinge door angle on auxiliary inlet flow velocity 
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internal pressures and a loss in nozzle efficiency. The doors should be closed at this 
flight condition for best efficiency. 

D ou b I e -H i ng e D 00 Performance 

The performance of the double-hinge door configurations is presented in figures 
17 to 24. The effect of double-hinge daors on the nozzle performance was similar to 
that obtained with the single-hinge doors, as described in the preceding section. At 
subsonic cruise (fig. 17(a)), the floating door nozzle efficiency was always less than the 
peak performance and was obtained at a lower door angle. At Mach 0.90, for example, 
the floating door nozzle efficiency was 0. 884, compared to a peak value of 0.917. The 
same trends were obtained for a dry acceleration. At Mach 0.90 (fig. 17@)), the float- 
ing doors would be closed and provide an efficiency of 0.926, compared to a peak effi- 
ciency of 0.952 with the doors fully open at 10'-20'. Opening the doors again forced 
the secondary total-pressure requirements to be in excess of free-stream static which 
is indicative of the doors' ability to raise internal pressures above po. This configura- 
tion would not provide secondary flow at takeoff. For a reheat acceleration configura- 
tion (fig. 17(c)), the optimum nozzle efficiency was obtained with the inlet doors closed 
at Mach numbers from 0.60 to 1.20. For this Mach number range, it was estimated 
that the inlet doors would float to the closed position and provide peak nozzle efficiency. 
The inlet doors should be fully open to provide peak performance at takeoff. However, 
the 8O-16' inlet doors were the maximum open position tested with reheat. The nozzle 
pumping characteristics a r e  poor for the reheat configuration at all Mach numbers from 
takeoff to Mach 1 .2 .  

The effect of double-hinge door angle on boattail drag is shown in figure 18 for 
three power settings. Boattail drag was most sensitive to door angle at the subsonic- 
cruise conditions (fig. 18(a)), particularly at Mach numbers 0.70 and 0.85 where in- 
creased opening of the inlets decreased the boattail drag. At Mach 0.90, the boattail 
drag was about 4 percent of the ideal thrust. At the higher power settings for accel- 
eration (figs. 18(b) and (c)), the boattail drag was a smaller percent of the nozzle ideal 
thrust since the primary thrust was larger. Door angle had little effect on boattail drag 
at these flight conditions. In general, however, the boattail drag tended to decrease as 
door opening increased. For subsonic cruise, the drop in nozzle efficiency between 
Mach 0.85 and 1.00 (seen in fig. 17(a)) appears to be primarily due to the increased 
boattail drag shown in figure 18(a). A similar effect is seen for dry acceleration. 

made at the subsonic-cruise Mach number, 0.90. These component forces are shown 
in figure 19 for various inlet door angles. The secondary momentum shown in figure 19 

An analysis of the pressure forces on the inlet doors and the secondary shroud was 

11 



was computed with the assumption that the static pressure is constant in the region of 
the door internal surfaces and the primary nozzle flap surfaces. The largest component 
force at the estimated floating position (4.75'-9. 5') was the boattail drag, which was 
about 4 percent of the ideal gross thrust. However, at the inlet position (1Oo-2O0) where 
peak efficiency was obtained, large drag forces of 4 and 5.8 percent of the ideal gross 
thrust were measured on the boattail and internal secondary shroud upstream surfaces, 
respectively. There also was a large drag force of about 4.6 percent measured on the 
internal surfaces of the upstream doors. These drag forces were offset, however, by 
thrust forces. 

ure  20 for the three power settings. The best measured nozzle efficiency was generally 
obtained with the 1Oo-2O0 door configuration at subsonic cruise and dry acceleration 
(figs. 20(a) and (b)). With reheat acceleration (fig. 20(c)), the closed-door configuration 
produced the optimum nozzle efficiency at Mach numbers from 0.60 to 1.20. The 
8'- 16' inlet doors provided peak performance at takeoff for this configuration; however, 
the fully open (10'-20') inlet door configuration was not tested at reheat acceleration. It 
should be noted that the internal expansion pressure ratio for the reheat configuration 
is 5.57. Hence, the nozzle is underexpanded above Mach 0.95 for the power setting 
used since the shroud was fixed in the closed position. 

doors, the fixed doors were assumed to have the mechanism shown in appendix D. The 
results in figure 21(a) indicate that the doors would be open at about a 5O-10' angle 
over the subsonic-cruise power setting Mach number range. However, with dry accel- 
eration (fig. 21(b)), the doors would be open from takeoff up to Mach 0.85 and closed 
(if free floating) at Mach numbers from 6). 85 to 1.00. At the reheat power setting 
(fig. 21(c)), the door moment coefficient indicates that the inlet doors would be open at 
takeoff and closed at Mach numbers from 0.60 to 1.20. 

subsonic cruise and dry acceleration is presented in figure 22. The reheat configura- 
tions indicated separated flow at all Mach numbers; hence, no data a r e  shown. The 
peak inlet velocities (fig. 22(a)) were generally between 70 and 80 percent of the free- 
stream velocity Vo. These peak velocities occurred along the secondary shroud leading 
edge. At the subsonic-cruise power setting (fig. 22(a)), separated flow occurred with 
the 10'-20' door configuration from Mach numbers of 0.85 to 0.95. At the higher pres- 
sure ratios required for dry acceleration (fig. 22(b)), the peak velocities were re- 
duced, particularly at Mach numbers of 0.95 and 1.00. At these conditions, floating 
inlet doors would be closed. The inlet flow generally peaked with the 5O-10' door angle. 

per inch of width is shown in figure 23 for the three power settings over the Mach 

The effect of double-hinge door angle on the nozzle efficiency is presented in fig- 

In order to obtain the door hinge moments about the first hinge of the double-hinge 

The effect of double-hinge door angle on the auxiliary-inlet flow velocity profiles at 

The effect of double-hinge door angle on the trailing-edge flap moment coefficient 
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number range tested. The analysis of the flap moment calculation is shown in appen- 
dix E. At subsonic cruise (fig. 23(a)), the trailing-edge flaps would be off the inner stop 
with optimum door position (10'-20') up to Mach 0.95. However, the trailing-edge 
flaps would be on the inner stop over the dry-acceleration range and at maximum reheat 
up to Mach 0.90 (figs. 23(b) and (c)). 

secondary shroud are shown in figure 24 at Mach 0.90 for subsonic cruise and dry ac- 
celeration, and at Mach 0 and 0.95 for reheat acceleration. At subsonic cruise 
(fig. 24(a)), the nozzle is overexpanded internally with the doors closed. The overex- 
pansion was generally eliminated when the tertiary inlets were opened. At the higher 
nozzle pressure ratio for dry acceleration (fig. 24(b)), there was some increase in in- 
ternal pressure to above po when the doors were opened. Peak efficiency at this flight 
condition was obtained with the fully open inlet doors, but the doors would tend to float 
to the closed position, producing a loss in performance. For a reheat power setting 
(fig. 24(c)), opening the inlet doors at takeoff caused a slight increase in internal pres- 
sures and an increase in nozzle efficiency. The doors should be fully open at this flight 
condition for best efficiency. However, at Mach 0.95 (fig. 24(d)), opening the inlet doors 
caused a reduction in internal pressures and a loss in nozzle efficiency. The doors 
should be closed at this flight condition for best efficiency. 

Internal and external static-pressure distributions of the auxiliary inlet door and 

B ou n d a r y - La ye C h a ract er istics 

The boundary-layer characteristics have been measured previously on this jet-exit 
model over a range of free-stream Mach numbers from 0.56 to 1.46 and are presented 
and discussed in reference 7. These measurements indicated a well-developed turbulent 
profile with an average momentum-thickness-to-model-diameter ratio of 0.019 for the 
Mach number range of this report. A single rake measurement was made during the 
current test with the inlet doors closed, and the resulting boundary-layer profiles are 
shown in figure 25 for two power settings. Also shown for the same conditions is a 
boundary-layer profile downstream of the fully open inlet doors (20' single and 10'-20' 
double hinge). Figure 25(a) shows the comparison at the subsonic-cruise pqwer setting. 
Opening the inlet doors resulted in a slight decrease in the local stream velocity at 
Mach numbers from 0.90 to 1.00. For the dry-acceleration configuration (fig. 25(b)), 
there was a general increase in local stream velocity at Mach numbers from 0.85 
to 1.00. For these conditions, the inlet doors provide little flow, as was shown in 
figure 22(b). There was even some evidence of separated flow at these higher pressure 
ratios for dry acceleration. 
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SUMMARY OF RESULTS 

An experimental investigation was conducted to determine the performance char- 
acteristics of an auxiliary-inlet ejector nozzle that is appropriate for a supersonic- 
cruise aircraft. The nozzle performance was obtained over a range of free-stream 
Mach numbers from 0 to 1.20. Corrected secondary weight flow of 4 percent of the 
primary nozzle weight flow was investigated. Two different primary throat areas were 
used: one to simulate nonreheat operation (subsonic cruise and dry acceleration), and 
the other for reheat operation. The auxiliary inlet configuration consisted of fixed- 
position single-hinge doors (loo, 16O, and ZOO), double-hinge doors (5O-1Oo, 8'-16', 
and 10'-20°), and closed doors which provided a tertiary flow area variation from 
0 to 71.5 percent of the shroud exit area. The secondary shroud was a triple-hinge 
flap which was fixed in a closed position with a boattail angle of 15'. Its projected boat- 
tail area was 47 percent of the simulated nacelle area. The following results were ob- 
tained for a specified pressure ratio schedule that is typical for an afterburning turbojet 
engine: 

Subsonic cruise: 

doors. 
doors was 0.916, compared to  0.901 for the single doors. 

ideal gross thrust at Mach 0.7 to 11.25 percent at Mach 1.0. 

With single-hinge doors, the estimated floating performance was near the peak value. 
However, with double-hinge doors, the estimated floating performance was as much as 
3.1 percent lower than the best measured preformance. 

flow from a free-stream source. 

moment for most door positions up to  Mach 0.90. 

stre- static' pressure. 

velocity. Separated flow was measured with the full-open door configurations at Mach 
numbers of 0.85 and greater. 

1. The double-hinge doors provided higher nozzle efficiency than the single-hinge 
For example, at Mach 0.9 the best measured nozzle efficiency of the double 

2. Boattail drag was a function of door position and varied from 0.30 percent of the 

3. The equilibrium door angle was less than that required for peak nozzle efficiency. 

4. Pumping characteristics were adequate to provide 4-percent corrected secondary 

5. In general, the trailing-edge flap moment coefficient indicated an opening 

6. Opening the inlet doors increased the internal pressure significantly above free- 

7. Peak inlet velocities were generally between 70 and 80 percent of free-stream 
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Dry acceleration: 

single-hinge doors, 

% percent at Mach 1.0. 

ciency. With single doors above Mach 0.6, the floating performance was near the peak 
value. However, with double-hinge doors, the estimated floating value was generally 

1 1 to 22 percent lower than the peak value. 
4. Pumping characteristics were adequate to provide 4-percent corrected secondary 

flow from a free-stream source at all Mach numbers except takeoff. 
5. Trailing-edge flap moment coefficient indicated a closing moment for the fixed 

posit ion tested. 
6. Peak inlet velocities were generally between 60 and 70 percent of free-stream 

velocity. Separated flow was measured for some door positions at Mach numbers of 
0.85 and greater. 

stream static pressure. 

1. In general, the double-hinge doors provided higher nozzle efficiency than the 

2, Boattail drag varied from 1/2 percent of the ideal gross thrust at Mach 0.. 7 to 

3. The equilibrium door angle was less than that required for peak nozzle effi- 

1 

7. Opening the inlet doors increased the internal pressure significantly above free- 

Reheat acceleration: 

with.the doors closed, particularly at Mach numbers from 0.60 to 1.20 where the nozzle 
was underexpanded. 

2. Boattail drag was unimportant at Mach numbers up t o  0.85 and had a value of 
3 . 8  percent of the ideal gross thrust at Mach 1.20. 

3. Pumping characteristics were generally too poor at all  Mach numbers to supply 
4-percent corrected secondary flow from a free-stream source, 

4. Trailing-edge flap moment coefficient indicated an opening moment above Mach 
numbers of 0.90. 

1. At subsonic and transonic speeds, best measured nozzle efficiency was obtained 

Lewis Research Center, 
National Aeronautics and Space Administration, 

Cleveland, Ohio, February 5, 1970, 
- 720-03. 
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SYMBOLS 

A 

E4 

At er 

‘D8 

‘m 
D 

d 

M 

m 

m~~ 
P 

P 

R 

r 

S 

T 

V 

W 

area (projected) 

aspect ratio (width/length) 

simulated nacelle area 

door tertiary flow area normal to  external door tip 

nozzle flow coefficient, w /w 
P i  

moment coefficient, - mint)/(Amax)(dmax) (P7) 
drag 

diameter 

model diameter (equivalent to nacelle diameter) 

minimum diameter of secondary shroud 

thrust 

forces acting on door 

length 

length of secondary shroud, 9.842 in. (25.00 cm) 

Mach number 

moment 

reaction moment 

total pressure 

static pressure 

total radius 

radius from center to loca,l probe 

axial distance from primary nozzle exit to minimum secondary shroud 
diameter 

total temperature 

velocity 

weight-flow rate 
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X 

Z 

Z '  

Ly primary nozzle flap angle 

P boattail angle 

6 door angle 

0 circumferential position, deg 

axial distance measured from minimum secondary shroud diameter 

radial distance from secondary shroud external surface 

radial distance from secondary shroud internal surface 

corrected secondary-weight-flow-rate ratio, (ws/w ) P w 

Subscripts: 

d 

ext 

f 

i 

int 

P 

S 

ter 

X 

P 
0 

1 

2 

7 

8 

9 

door 

external 

flap 

ideal 

internal 

primary 

secondary 

tertiary 

condition at distance x 

boattail 

free stream 

upstream door 

downstream door 

nozzle inlet 

nozzle throat 

nozzle exit 
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STATIC-PRESSURE ENVIRONMENT ON 8.5-INCH (21.59-CM) JET-EX 

IMMEDIATELY UPSTREAM OF NBZZLE-ADAPTER INTERFACE 

There has been some indication from recent jet-exit programs that the local static 
pressure on the 8.5-inch (21.59-cm) adapter ahead of the nozzle was somewhat lower 
than po, particularly at subsonic-cruise Mach numbers of 0.85 and 0.90. These static- 
pressure measurements were rather limited; that is, the instrumentation generally con- 
sisted of a single row of static-pressure orifices on the bottom of the model (180' from 
the support strut). These measurements usually only extended upstream a few model 
diameters from the end of the nozzle, and at subsonic speeds would be influenced by the 
nozzle boattail. It is, therefore, risky to comment on the general quality of the local 
flow field based on this limited amount of information. 

pressure environment that exists on the $. 5-inch (21.59-cm) jet-exit model at subsonic 
speeds, just ahead of the nozzle-adapter interface. Previous measurements had indi- 
cated that there was no loss in total pressure at the aft end of this model at subsonic 
speeds, except for a localized region at the top of the model in the wake of the strut, 
Therefore, a model static-pressure deviation from po can be used to  indicate a local 
flow velocity that is different from the free-stream value. 

A sketch of the model and the location of the static-pressure instrumentation used 
is shown on figure 26. A cylindrical afterbody was attached to  the model adapter to  
represent a typical exhaust-nozzle installation. A total of 20 static-pressure measure- 
ments was made at the three axial stations shown - 2.0, 2. 5, and 3.0 model diameters 
from the end of the cylindrical afterbody. 

to 0.96. The model static pressures were ratioed to  the computed free-stream value 
of po, and the results a r e  shown on figure 29. At station 3 the measured static pres- 
sures  had a maximum circumferential distortion of about 1 percent. The average static 
pressure at this'station was within 1/4 percent of the free-stream value. At station 2 
there was very little circumferential distortion, and the average static pressure was 
generally within 1/2 percent of po. The dashed line is used to connect an average of the 
measured static pressures at each of the three axial stations. The slight tail-off in 
static pressure from station 3 to station 2 probably resulted from the effect of the base 
feeding forward on the model. 

Additional measurements were subsequently made to better define the static- 

The model was tested at several subsonic speeds from Mach numbers of 0.61 
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Based on the results presented on figure 27, it is concluded that the local flow at the 
aft end of the 8.5-inch (21.59-em) jet-exit model is essentially at free-stream condi- 
tions. It is, therefore, recommended that nozzle performance continue to be referenced 
to free-stream conditions, as has been done during the past several years. 
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NOZZLE PERFBR NCE CHARACTER 

The nozzle gross-thrust coefficient and pumping characteristics obtained during the 
test are presented for each auxiliary-inlet door configuration: first, for primary nozzle 
configuration I (Ag/As = 1.99); and second, for primary nozzle configuration 
(A9/A8 = 1.42). Data are presented as a function of nozzle pressure ratio and corrected 
secondary-weight-flow ratio for a range of free-stream Mach number in figures 28 to 31, 

20 



APPENDIX D 

NLET BOOR H NGE MOMENT ANaLY S 

For single-hinge doors, the hinge moment was obtained simply by integrating the 
moment of the internal and external pressure distributions. To obtain the hinge moment 
about the front hinge of a double-hinge door, the fixed door was assumed to have the 
mechanism shown in figure 32. This mechanism, with Z4 N 2E6 would give a door- 
angle ratio 62/61 of approximately 2 . 0 .  

The equations to determine the total hinge moment at z are as follows. If the 
rear  door is considered to be a free body in equilibrium, the sum of the forces and 
moments about x would be equal to 0. 

F1 sin 62 + F2 sin cp2 - F 3 sin cp3 = 0 

F1 COS G2 + F2 COS v2 - F3 COS cp3 = 0 

In these equations, F3 is considered as the equilibrant; 62, cp2, and Z2 are known con- 
stants for any particular door setting; F1 and Zl are determined from measured pres- 
sure  distributions on the rear door; F2 is the reaction of the part against the side of 
the slot and must be normal to  the side of the slot; F2, cp3, and F3 can be determined 
from the solution of equation (Dl) and the simultaneous solution of equations (D2) 
and (D3). 

F1z 1 

22 
F2 = - 

F s i n 6  + F sin cp2 -1 1 2 2  un = tan 
2 F1 cos G 2  + F2 cos cp J 

2 F1 sin 6 + F2 sin cp 2 F =  3 sin cp3 
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Then the moment about Z caused by the forces on the rear  door is 

F-R = F313 = F 2 COS 'p3 = F314  COS('^^ - 61) 3 4  m @7) 

where F3 is the resultant of F1 and F2, and 61 and L4 are known cqnstants for any 
particular door setting. The total moment about Z is then 

where F4 and Z5 are obtained from measured pressure distribution on the front door. 
For both single- and double-hinge door configurations, door equilibrium is defined 

as (1) that door angle where the moment curve passes through zero moment with a nega- 
tive line-slope, or (2) the condition where moments on the closed doors a r e  negative 

. At the latter condition, the doors are on the "outer stop" and, hence, in Pint < Pext 
equilibrium . 
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S OF FLAP MOMENTS 

A schematic sectional view of a triple-hinge flap and the forces acting upon it is 
shown in figure 33. Four hinge points allow the flap to  move as a four-bar linkage. 
Aerodynamic forces FFB and FsB act on the outer and inner surfaces of the boattail 
(T-S). Aerodynamic forces Fjs and Fss act on the outer and inner surfaces of the 
nozzle wall (P-S). It is assumed that no aerodynamic forces act on the link P-Q. 

The fixed model used to obtain the data in this report siaulated a fully closed posi- 
tion of an aerodynamically positioned triple-hinge flap. In this position, a stop would 
supply a reaction moment -mTR about point T, to prevent the flap from closing further. 
If the forces (as obtained from measured pressures) acting on the fixed model required 

the position of the assumed movable geometry. The equations and assumptions used to 
relate the measured pressures to the required reaction moment m are presented TR 
in the following paragraphs. 

If a reaction moment exists at point T, and is of sufficient magnitude to maintain 
the linkage in equilibrium, the linkage becomes a rigid body. The summation of mo- 
ments about T can then be written as 

to be negative or zero, the position of the fixed geometry would properly simulate "TR 

Note that F 

caused by the forces acting on the nozzle wall. This summation must also equal zero 
since S is a hinge point. 

must be alined with the link P-Q since Q is a hinge point. 
Another equation that can be written is the summation of moments about point S 

Q 

Solving equation (E2) for F yields Q 

dFSSS F~~~~ 

dFQs d~~~ 
FJS ___ FQ = Fss - - 

Substituting equation (E2a) into equation (El) and solving for mTR yield 
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- F ~ ~  d~~~~ + F s ~  d~~~~ (E 3) 

Forces acting in the cavity between the boattail and nozzle surface were obtained 
by assuming that a uniform pressure acts in this region: 

P A  Fss = s p 

and 

FSB= P A  s B (E 5) 

where Ab and AB are the inner surface area of the boattail and the outer surface of 
the nozzle wall, respectively, and Ps was assumed to be the secondary total pressure. 

The inner nozzle wall forces and boattail forces were obtained from pressure in- 
tegrations: 

FJS = J dA (Nozzle wall) 

and 

F~~ pF dA (Boattail) 037) 

The dimensions dFQs, dFQT, dFSSS9 dFSST, dFSBT, and %T are Constants Ob- 
tained from the fixed model geometry. Other dimensions were obtained as follows: 

d~~~~ = (Nozzle wall) 
pJ 

and 

d~~~~ = (Boattail) 
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metering orif ice 

I 
Model station: 0 

I 'Screen 

93.65 122.84 142: 13 
(238) (312) (361) 

C D-10690-28 
Figure 1. - Nozzle support model and th rus t  measuring system. (Dimensions are in inches (cm).) 
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n; Simulated J85-GE-13 primary nozzle 
// ‘\ 

Pr imary 
nozzle 

diameter, 
d8 

in. cm 

4.388 11.146 

5.192 13.188 

Primary nozzle Primary 
configuration nozzle 

in. cm 

I - Subsonic cruise 1.50 3.810 

Primary Flow 

flap angle, cD8 
nozzle coefficient, 

a, 
de9 

13.25 0.977 

5.30 0.985 
acceleiation 

~~ 

heat acceleration 

I 

L’Secondary a i r  passage (12 total) 

Figure 2. - Details of simulated J85-GE-13 pr imary nozzle. Dimensions are in inches (cm). 1 
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(21.59) 
8.17 

(20.75) 

(12.15) 
I 

con figuration 
ratio, 

and dry acceleration I 
I1 - Reheat accelera- I 1.42 I t ion 

Spacing 
ratio, 
Sldg 

0.585 

0.575 

diameter 1 length ~~ 

ratio, ratio, 
dsldg Lldg 

I I I I 

Figure 3. - Details of triple-hinge trai l ing flap. Ratio of boattail area to simulated nacelle area, A$Ama, 
= 0.47. (Dimensions are in inches (cm).) 
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(a) Details of auxi l iary inlets. (Dimensions are in inches (cm).) 
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I 
180" pressure orifices (167.5") 

View looking upstream 

(b) End view of auxi l iary inlets. 

Figure 4. - Auxi l iary inlets. 
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I ,-Open-door total - 

Nozzle, 
station 7 ~-=-LQ--/ 

c Thermocouple 
0 Static pressure 
- Total pressure 

LAuxil iary-inlet total-pressure rake 

Door and flap centerline 
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total- primary nozzle 
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(a) Instrumentation layout. 

0" 

* Static pressure 

Pr imary flow 
i r i f i ce  number 
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1. 00 
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,519 
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-. 418 
-. 600 
-. 750 
-. 855 
-. 950 

-1.00 

(b) Details of instrumentation at station 7 (view looking downstream). Radius, R = 3.006 inches (7.635 cml; r is  radius from 
center to local probe. 

Figure 5. -Aux i l ia ry  in let  ejector nozzle instrumentation. See figufe 5(bl for details of instrumentation at station 7. 
See table I11 for locations of total-pressure probes. See table JI for door static-pressure orif ice locations. See 
table I V  for trail ing-flap static-pressure orif ice locations. See table I for door hinge location. 
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(b) Maximum reheat (Ag/Ag= 1.42). 

Figure 6. - Pr imary total-pressure profi le at station 7. 

Free-stream Mach number, Mo 

Figure 7. - Schedule of turbojet nozzle pres- 
sure ratio wi th free-stream Mach number. 
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.4 . 6  .8 1.0 1.2 0 .2 
Free-stream Mach number, MO 

Figure 8. -Comparison of best measured nozzle efficiencies of single- 
and double-hinge door configurations. Corrected secondary-weight- 
flow-rate ratio, w&= 0.04. (Double-hinge door position is  denoted 
by downstream door position 62) 
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Door position, deg 

(a) Subsonic cruise (b) Dry acceleration (c) Maximum reheat 
(A91A8 = 1.99). (AglAg = 1.99). acceleration 

(A91Ag 1.42). 

Figure 10. - Effect of single-hinge door position on boattail-drag-to-ideal-gross-thrust ratio. 
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L’‘\\\ mV + (p - P ~ ) A  
‘O F. + Fi, ’’ Tailed symbols denote Ps < po 

.04 

c 
0 

Door position, 6, deg 

Figure 11. - Effect of single-hinge door position on 
component -t h rust  -to -ideal gross thrust  rat io. Sub - 
sonic cruise; corrected secondary-weight-flow-rate 
ratio, w & =  0.04; nozzle pressure ratio, P7/po = 3. 10: 
free-stream Mach number, Mo = 0.90. 
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(b-4) Mo = 0.85; 
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0 10 

(b-7) Mo = 1. 00; 
P7/po 6.8. 

Figure 12. - Effect of single-hinge door position o n  nozzle efficiency. Corrected secondary-weight-flow-rate ratio, 
dt = 0.04. 
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(c) Maximum reheat acceleration (A9/A8 = 1.42). 

Figure 12. -Concluded. 

37 



Open ,003 

,002 -+- 
,002 . 001 Closed 

Q - 
E u ,001 0 

IT- 
E O  - z -.w1 ,002 
c .- 
L 

a m . 001 

._ E ,003 

g ,002 
L (b-2) Mo = 0.60; (b-3) Mo= 0.70; (b-41 Mo 0.85; 
5 .wl P7/po 4. 7. P7/po = 5.5 

L o  
-_ 001 0" 

c 

" ._ 
L - 
E 

0 10 2 0 0  10 20 0 10 20 0 10 20 
Door position, 6, deg 

(a-3) Mor 0.90; la-4) Mo 0.95; (a-5l Mo = 1.00; 
P7/P8 = 3. 1. P7/po = 3.5. P7/po = 4.0. 
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Figure 13. -Effect of single-hinge door position on door moment coefficient, iCm)d = (Mext - Mint)/(Amax)(dma,)(P7). Corrected semndary-weight-flow-rate ratio, w f i =  0.04. 
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Figure 14. - Effect of single-hinge door position on auxiliary inlet flow velocity. Corrected Secondary- 
weight-flow-rate ratio, w&= 0.04. 
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Figure 15. - Effect of single-hinge door posit ion o n  trai l ing-edge f lap 

m f  

40 



t 

t O C l a D  

0 m o m  

3 

\ 

f 

PI 

U 

_-I 

x - 

41 



m o m  
4. A . 

L n o L n  

42 



O o a  f 

x 

f 

43 



44 



m m N 01 .n 01 0 s 0 
i 4. 

O N  0 m 4 
i 4- 

E: 0 N 

d 
0 +. 
3 
0- 

mL 
m, 

.- 
c 

W 
c 

- z 

F 
c 

E 

2 

m .- 

m 
U 
S 
0 
0 
W v) 

n W 

U a, 
L L 

0 0 

c 

4 

ti 

N 

m 
M 0 

45 



Mach Nozzle 
number, pressure, 

Mo ratio, 
p7'p0 

0 1.00 4.0 
D .95 3.5 
V .90 3.1 
D .85 2.8 
A .70 2.1 

Tailed symbols denote P, < po 

0 10 

(a) Subsonic cruise 
(A9lAg 1.99). 

MO p7'p0 
01.00 6.3 
D .95 6.4 
v .90 5.8 
D .85 5.5 
A .70 4.7 
0 .60 4.1 
0 0 3.3 

0 10 20 
Door position, 9, deg 

(b) Dry acceleration 
(A9lAg = 1.99). 

MO '7'PO 
D 1.20 7.8 

0 1.00 6.7 
D .95 5.6 
'v .90 5.4 
D .85 5.2 
A .70 4.4 
0 .60 3.9 

n I. IO 7.0 

0 0 3.2 

10 20 

(c) Maximum reheat 
acceleration 
(A91Ag E 1.42). 

Figure 18. - Effect of double-hinge door position on  boattail-drag-to-ideal-gross- 
th rus t  ratio. 
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Figure 19. -Effect of double-hinge door psition on compncnt-thrust-to-ideal- 
gross-thrust ratio. Subsonic cruise; corrected secondary-weight-flow-rate 
ratio, wJ?= 0.04; nozzle pressure ratio, P7/po = 3.10; free-stream Mach 
number, Mo = 0.90. 
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Figure 20. - Effect of double-hinge door position o n  nozzle efficiency. Corrected secondary-weight-flow- 
rate ratio, w J i -  0.040. 
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Figure 21. - Effect of double-hinge door position on door moment coefficient, (C,) = (Me, - Mint)/(Amax)(dmax)lP7). 
Corrected secondary-weight-flow-rate ratio, W - h -  0.04. d 
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Figure 22. - Effect of double-hinge door position on  auxil iary-inlet flow velocity. Corrected secondary- 
weight-flow-rate ratio, w&= 0.04. 
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Figure 23. - Effect of double-hinge door posifion on  trailing-edge flap 
moment coefficient per i nch  of width, (C ) = MTR/(A,,,)(dmaX)(P7). 
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Figure 25. -Comparison of afterbody boundary-layer characteristics for closed and fulldpen door positions. Cor- 
rected secondary-weight-flow-rate ratio, &= 0.04; internal area ratio, A9/A8= 1.99. 

58 



,Vertical support strut 

Existing 8.5411. 
(21.59-cm) adapter-, 

o +Typical nozzle, 
length 

F O U ~  statics at ,I' \ 
'-Eight statics at 

45" increments 
90" increments-' 

Figure 26. - Location of static-pressure instrumentation on 8.5-inch (21.59-cm) jet-exit model adapter. 

0 1.01 
.--. n Angular 
Q coordinate, 1.00 
x 

z- 0, 
2 .99 deg 
9 
Q 
U .- 

(a) Mo = 0.61. (b )  Mg = 0. 71. 0 0 
7 45 
0 90 

E V 135 
g 1.00 0 180 

A 225 
B .99 a 270 

+ 2 1.01 

c m 

- 
(c) Mo 0.81. (d)  Mg = 0.86. h 315 L c 

0 

m Average ---- c - 
:: 1.01 

.- 0 1.00 

- 
c 
0 

c 
m E 

.99 
4 3 2 1 4  3 2 1 

Distance from end of model in model diameters, x/dmax 

(e) Mo = 0.91. ( f )  % = 0.96. 

Figure 27. - Static-pressure environment o n  8.5-inch (21.59-cm) jet-exit model adapter at subsonic speeds. 

59 



Mach number, .6 .6 

m MO 

E 

- 
c 

0 0  
. 4  .60 

A .70 
D .85 
D .90 

n m  0 1.00 

o r -  ;:- .4 

m y I  &: . 2  . 2  D .95 

._ 
L 0- 

O F  
a'- 

s -  ' o F l  Ta;il;sypny;;- 
VI 

0 

(a1 10"-20" Inlet doors (Ater/A9 = 0.715). (b) 8'-16" Inlet dwrs (Ater/Ag = 0.584). 

Nozzle pressi 

IC) 5"-10" Inlet doors (AterlA9 = 0.3681. 

Figure 28. -Effect of nozzle rcssure ratio on nozzle performance 
weight-flow-rate ratio, wk= 0.026. 
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Figure 32. - Effect of corrected secondary-weight-flow-rate ratio on  nozzle performance 
characteristics. Primary nozzle configuration I1 (A9/A8 = 1.42); closed in let  doors 
(AterlAg = 0). 
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Figure 32. - Assumed mechanism for double-hinge door analysis. 

Figure 33. - Schematic sectional view of triple-hinge flap and forces acting upon it. 
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